The article is aimed at empirical investigation of the relative version of the purchasing power parity (PPP). It attempts to shed some light on the so-called 'PPP puzzle' for selected countries in the CEE region a nd Turkey. Because of ambiguous results in the literature, various econometrics methods are employed: univariate tests (URTs: ADF, PP, KPSS, DF-GLS), robust URTs including nonlinear URTs (Kapetanios and Sollis' and Bierens' test) and tests allowing for (multiple) structural breaks (Perron, Lee and Strazicich). The euro currency pairs (bilateral) of 10 European transition countries covering the period 1995:1-2011:1 are utilized. Our results for conventional linear (such as ADF or PP test) do not provide a crystal-clear answer, more robust URTs at least partially do, once the source of nonlinearities has been controlled for (structural changes, non-zero adjustment costs). Nonlinear tests with structural breaks provide more convincing evidence in favour of the PPP hypothesis including asymmetrical effects of exchange rate adjustments.
Introduction
Real exchange rates and the purchasing power parity (PPP) in particular belong to the well-known six main puzzles in macroeconomics mentioned in a seminal paper written by Rogoff (1996) . A large number of studies have been aimed at examining the PPP hypothesis, both in developed and to a lesser extent in developing countries. Empirical results seem to have been mainly in favour of supporting PPP in developed countries; for example recent articles focused on selected OECD countries (e.g. Chortareas and Kapetanios (2009) or EU15 countries (e.g. Christidou and Panagiotidis (2010) . However, fi ndings have been mixed for developing and transition countries, depending on the set of countries, time period, price indices, and applied econometric techniques. Some studies have even rejected the PPP hypothesis while using (robust) univariate unit root tests (hereinafter referred to as URTs) and more recently panel unit root tests. While the former are exposed to criticism due to low power, the latter have solved some problems of URTs but simultaneously created new ones (owning to no adjustments for structural breaks, problems with cross-correlation, symmetrical adjustments, etc., see e.g. Bahmani-Oskooee et al., 2008) .
Transition countries in Europe have not been paid much attention so far. This might have been for a number of reasons: fi rstly, the availability of data has been limited and the radical and deep structural changes during the 1990s make any analysis diffi cult, 1 secondly, some countries did not exist before 1993, 2 which puts limits on available time series. Several studies have tried to overcome this problem by using data for the black market. However, given characteristics of the former regimes in most of the new EU member states (NMS), 3 it is not certain how valid these data and their results are.
Some authors cast doubts on the PPP theory and its empirical testing, since PPP is a (very) long-run concept of exchange rate determination (in the horizon of decades for instance), which may span different exchange rate regimes and monetary policy environments (see e.g. Alba and Papell, 2007) . However, there are many reasons for looking at PPP that are rather of a more general character: PPP is one of the necessary assumption for exchange rate modelling (e.g. for monetary models from the 1970s), a starting point for many models in international fi nance or it is assumed to be satisfi ed in many macro models, which may be true in the long run, but not necessarily in the short and/or medium run.
To date there has been no empirical study that would use both approaches and a large set of CEE countries to our best knowledge. The main contributions of this study can be summarised as follows: PPP is tested vis-à-vis the euro currency 4 and both 1 The same does hold true for developing (transition) countries in general, for an overview see e.g. Bahmani-Oskooee et al. (2008) .
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The Czech Republic and Slovakia or 1990 in the case of the Baltic States.
3 NMS as synonyms for all the countries from the 5th and 6th waves of EU enlargement (2004 and 2007) .
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Standard approach is to test PPP against the US dollar or a `synthetic currency' (real effective exchange rate, REER), see e.g. Bahmani-Oskooee et al. (2008) or Telatar and Hasanov (2009). conventional URTs and high power URTs compared to conventional ADF (the ESTAR models and the Bierens (1997) The paper is structured as follows. The second section aims at summarizing the literature and explaining our empirical strategy and it also describes the tests employed. The next section briefl y overviews the construction of the dataset. The third section presents and discusses the results of our empirical analysis in the light of various robustness tests and it also overviews some pitfalls for empirical analysis. The last section concludes and offers possible extensions of this study.
Theoretical Foundations
There are two versions of the PPP -an absolute or a relative version. 6 The PPP is based on several theoretical assumptions that must be satisfi ed (see MacDonald, 2007) . The absolute PPP is a generalization of the `law of one price' (LOP). A log-linearised form of the relative version of the PPP (hereinafter referred to as simple PPP unless indicated otherwise) can be written as: 
where , ir c t e the is the log of the nominal exchange rate (the direct quotation of the exchange rate, i.e. the a-country--domestic-currency price of foreign currency (the euro), i t p and rc t p are the logs of domestic and foreign price levels (i is the i -th country, rc is the foreign country price level -the euro area level) and t is the time.
A generalization of the model in the equation (1) (the `strong' PPP hypothesis) is the `weak' PPP hypothesis, whose model takes the form:
where the variables are the same as in the previous model, is used for distinguishing both approaches and the coeffi cients β 0 and β 1 refl ect the existence of measurement and transaction costs (such as transport costs). Throughout the text the model (1) is used 5 A set of robustness checks were done for the US dollar and REER and shorter time spans. These results are available upon request.
6 Sometimes these forms are referred to as to the 'weak' and 'strong' version of the PPP hypothesis, see Taylor and Taylor (2004) .
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Some studies have used one of the approaches, e.g. Juvenal and Taylor (2008) takes only the US economy as the benchmark country or the real exchange rate (q t ) is split into two components, one being traded-goods, the other non-traded goods, see Maican and Sweeney (2006) .
following the literature. Nevertheless, transaction costs are allowed for indirectly and therefore, the so called ESTAR models are employed in the empirical part of this paper.
A brief review of literature
Empirical evidence on the PPP hypothesis in transition and developing countries has been mixed. There have been several studies that focused both on individual countries (for example an early study by Thacker (1995) An increasing number of studies, however, have utilised URTs allowing for structural breaks for structural shifts and outliers (simple ADF and modifi ed tests based the `fi rst' generation URTs such as Perron (1997 or the `second' generation e.g. Lee and Strazicich, 2003, 2004) and this approach has found signifi cant evidence in the favour of PPP (i.e. a non-rejection of the PPP hypothesis), for example Acaravci and Ozturk (2010), Maican and Sweeney (2006).
Estimation strategy
The relative version of the PPP hypothesis can be tested by verifying properties of q t (the equation (2)), i.e. testing the q t (real exchange rate) for a unit root. If q t followed a non-stationary process (e.g. I(1), i.e. random walk), then the PPP would not hold in the long run due to non-stationary properties. 8 On the other hand, if a unit root is not present in a time series, it means that a deviation from equilibrium is only of a temporary nature and the PPP does hold in the long run (for a modifi ed interpretation see below).
If the relative version of PPP is tested, it is verifi ed that exchange rate oscillates within 'a certain band', i.e. around 1 (1 ± Δ with Δ being a deviation, theoreticaly Δ → 0) which is the long-run level of an exchange rate in an economy if strict assumptions of the PPP theory are satisfi ed. A simple test of the PPP hypothesis makes use of the following equation: 8 A shock infl uencing this time series would lead to disequilibrium that would not be restored due to increasing variance and non-existence of unconditional mean of this time series, see Fan and Yao (2003) . 
 
with − ρ determining the speed of adjustment towards equilibrium. In order to observe PPP, a time series (q t ) has to be stationary and it is not driven by any permanent shocks (see Maican and Sweeney, 2006 ).
Univariate unit root tests
We begin with univariate linear (the Augmented Dickey-Fuller test (ADF), the PhillipsPerron test (PP) and the Kwiatkowski-Phillips-Schmidt-Shin tests, KPSS), in the next turn, non-linear URTs such as the DF-GLS test that is a modifi ed Dickey-Fuller test transformed by a GLS regression; for details see Harris and Sollis (2005) and fi nally, modifi ed versions of URTs adjusted to the case of structural breaks are applied to data. Univariate linear URTs assume the existence of unit root under the null, the alternative means mean reversion (the PPP hypothesis holds, see above). The only exception in our set of univariate linear tests is the KPSS test, whose hypotheses are inverted. One reason for employing this test is guided by the fact that it has been shown to be more diffi cult to reject the null of non-stationarity in the case of transition countries.
Since in real fi nancial markets cannot be expected that observed PPP deviations will be corrected by a linear adjustment process, non-linear tests are applied as well. Such deviations can be observed due to the existence of transaction costs. Only if these deviations are large enough to cover the costs, they are corrected by market forces. However, if an adjustment followed a non-linear path, standard URTs would be biased and URTs would lead to higher likelihood of accepting the alternative hypothesis of stationarity. This has lead researchers to employ exponential models allowing for costs of arbitrage, i.e. they enable us to model bands of 'inactivity' and various speeds of adjustment to equilibrium. 
ESTAR model
One approach that allows for the costs of arbitrage (transaction costs) is a test proposed by Kapetanios et al. (2003) which is an extension of the ADF test and it uses an ESTAR specifi cation (an exponential transition function, d = 1 is assumed) as (KSS test thereafter):
=1 e x p , 0 ,
where x t is the time series (e.g. one exchange rate) in the form of a demeaned or a detrended time series, A generalisation of the model (5) deals with high-order dynamics and helps to solve problems with serial correlation of the error term t :
where the sum augments the model (6) with k lags of Δx t , so that the i.i.d. error term ´t is not serially correlated.
The H 0 in the models (5) and (6) (5) and (6) have good fi nite-sample properties. Since the t-statistics (t NL.. ) are not standard normally distributed, the critical values must be tabulated via simulations. If the H 0 is rejected, it means that time series reverses to a constant mean (demeaned data), i.e. it supports PPP.
11 Although linear or nonlinear reversion of a time series to a trend (detrended data) would sensu stricto mean a support for the B-S effect.
Asymmetries in adjustments -AESTAR model
Some authors argue that there may be asymmetries regarding adjustments of exchange rates after a depreciation/appreciation. An extension of the ESTAR model -briefl y summarised in the section 1.4 -that allows for asymmetries is suggested by Sollis (2009). Since it is a combination of an exponential and a logistic function, it is dubbed as an asymmetrical ESTAR model (AESTAR). The AESTAR model can be written for a transition variable, exchange rate x t : 10 ̀. .' in the expression is left out for individual variants of the KSS test. The test statistics iŝ. 11 A reversal to a mean (= 0) is also one possibility, however, it is not a possibility in the exchange rate context. 
or an augmented model with additional k terms (Δx t ) allowing for higher-order dynamics:
where the sum augments the model (8)  , (i.e. stationary time series under the null hypothesis).
Which test to use -linear model vs. nonlinear models
Having described linear and nonlinear URTs, it is necessary to decide whether it is possible to rely on results of some type of tests. Since exponential models are utilized in this paper, Teräsvirta (1994) 12 If the 2 in the model (7), the models (8), (9) collapse to the models (5) and (6) 
As mentioned in the previous parts, in the ESTAR model, the parameter drives the speed of adjustment. If the transition is equal to zero, the adjustment process is linear. . For this test, an F-test is used (instead of a LM test) that should lead to higher power of the test -for lag lengths and small number of observations, the power of the LM test is low (Giannellis and Papadopoulos, 2009) . Therefore, Teräsvirta (1994) suggests not using the LM test in any of those cases. The test procedure has several steps: fi rstly, the lag length (p) must be appropriate for the time series being tested for linearity to obtain unbiased results. In all empirical estimations shown in the text, the number of lags suggested by the (SBIC) criterion is used. Secondly, the null hypothesis has to be tested for various delay parameters (d). According to Tsay (1989) , d is chosen such that the p-value of the linearity test reaches its lowest value. In our case the parameter 1,4 d   and the appropriate value is the one for which p-value of the F-test is minimised.
Structural breaks
Since there may be a problem with a structural break and its impact on the power of URTs, additional tests dealing with structural breaks are employed in this paper as well. The presence of a structural break can lead to the bias of conventional URTs against rejecting the H 0 . It also changes implications from accepting/rejecting the null hypothesis of non-stationarity, i.e. for the PPP hypothesis. If a test allowing for structural breaks does not reject that a time series is stationary, deviations associated with a shock affecting this time series are considered temporary, i.e. PPP does hold in the long run. However, if there is a shock having impact on a time series that leads to changes in its mean or its time trend, PPP does not hold even in the long run. Therefore, there have been suggested several alternative concepts of PPP compatible with the existence of breaks in time series in the literature. Dornbusch and Vogelsang (1991) propose 'quasi PPP' (qPPP) when a real exchange rate is stationary around a mean that may change. Hegewood and Papell (1998) work with this idea and extend the qPPP concept to multiple endogenous breaks (one or two in intercept). Recently, Papell and Prodan (2006) distinguish between 'trend PPP' (tPPP) and 'trend qualifi ed PPP' (tqPPP). A real exchange rate including a time trend that is shown to be stationary is understood as tPPP; if there are one or two changes in the intercept, but a time series is stationary, it is tqPPP. A time series with structural breaks (tPPP or tqPPP 'type') means a necessary condition for PPP, but PPP hypothesis holds only if there is a reversion towards a mean or a constant time trend (Yavuz, 2009 To start with, linear URTs allowing for structural breaks were suggested by Perron (1997) ('fi rst generation'). Perron (1997) allows for a structural break either in an intercept, a trend or in both. Break points are determined from the data set (endogenously). The existence of structural breaks is allowed only under the alternative hypothesis (H A ) and not under the null (H 0 ), i.e. it is a non-stationary time series with a structural break.
13 More recent URTs are represented by Lee and Strazicich (2003, 2004 ) ('second generation') that deal with limitations of a Perron's type test. These tests allow for one or two structural breaks that can be under either of the hypotheses and uses a minimum Lagrange Multiplier (LM) test (for details see both original articles). Apart from these tests, there have been suggested many nonlinear tests in the literature. One representative of this type of tests -Bierens test -is utilised in this study as well (see below).
Non-linear approach -the Bieren's test
This test (Bierens, 1997) Table 1. 13 However, some recent studies have employed them; see e.g. Giannellis and Papadopoulos (2009) . 
Data
Empirical studies have used different sorts of data as there is no prior information. While some have worked with monthly data for example Telatar and Hasanov (2009), others used quarterly or even yearly data Solakoglu (2006) . Due to the problems with data availability for the early 1990s, methodological changes in defi nitions of economic variables and a set of issues associated with exchange rate regimes in the CEE countries, this study relies on quarterly data starting in 1995. This decision is also connected with some advantages and disadvantages. The time span is longer for quarterly data than it would have been for monthly data and it is a reasonable way of solving the problem of low number of yearly observations.
Nominal exchange rates for individual pairs of currencies (against the euro) are obtained primarily from the UNECE Statistical Database (market rates against the euro), Database Eurostat and DataStream. The calculation of cross exchange rates was avoided as there may be signifi cant differences due to failure of perfect triangular arbitrage. Also offi cial exchange rates are not used as they may not refl ect market forces (for a discussion of some related issues see e.g. Giannellis and Papadopoulos (2009) . Since the euro exchange rate is not available before 1999Q1 (only the ECU), an implicit proxy derived from bilateral exchange rates (UNECE) is used instead.
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Harmonised consumer price indices (HICP) are taken from the Eurostat with the base year 2005=100. The same data for the euro area stem from the Eurostat database and the ECB statistical data warehouse. For seasonal adjustments, the ARIMA X-12 method is applied. Selected summary statistics for our time series are in the Appendix.
Empirical Analysi s -Euro Currency Pairs
Euro currency pairs for individual countries are employed to test the PPP hypothesis via URTs. The main specifi cation rests upon real exchange rates (RER), based on harmonized consumer price indices (HICP). The fi rst step is to conduct conventional URTs for our sample of countries. A starting point is to choose 'right' lag lengths for URTs, so that results are unbiased. This selection follows the Schwert (1989) criterion (ADF, PP, KPSS and DF-GLS 16 ) and is confi rmed by checking values suggested by the Schwartz (Bayesian) information criterion (SBIC). As we are not sure about the character of individual time series (the true data generating process), models with a constant, drift or a constant and a time trend are employed. The results are presented in the Table 2 .
To begin with, the ADF test offers a mixed picture, as most of the time series seem to be non-stationary (only Lithuanian and Macedonian currencies are stationary in both versions of the test). The PP test indicates that three exchange rates may be stationary (Bulgarian, Croatian, Estonian, Lithuanian and Turkish) -while for Lithuania it does confi rm the ADF results, it is the very opposite for Estonia. The results of the KPSS test (the H 0 is stationarity) indicate that almost all time series are non-stationary. Ambiguous results for Croatian, Cyprian, Slovenian and Turkish currency indicate rejections of the PPP hypothesis in the long run. The results of the DF-GLS test does not allow us to reject the null hypothesis of I(1) in any specifi cation except from the Croatian, Macedonian, Slovenian and Turkish exchange rate (each only in one specifi cation). 17 Since the results for the alternative price index (PPI) are similar, they are not shown. In the next step, we turn to robust and nonlinear URTs that may solve problems of breaks within time series for example due to changes of exchange rate regimes over 16 Optimal lag values were based on the Ng-Perron seq t-statistics (the general to specifi c method).
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17 The DF-GLS statistics is superior to the ADF statistics as its power (lower probability of accepting wrong null hypothesis of non-stationarity) and size properties are better Wu et al. (2010). time. First test is the Perron test, followed by nonlinear test, the KSS test (ESTAR), and the Sollis test (AESTAR). The Perron test rejects the H 0 for two currency pairs (Croatian and Turkish), and for four more only marginally does not.
In the previous (methodological) part of this paper we showed a test that gives us answer what type of URTs test is appropriate. Results of this linearity test (see Appendix) that conventional URTs are appropriate to test stationarity or non-stationarity of exchange rates in the Czech Republic, Hungary, Lithuania, Latvia, and Slovenia. Therefore, we do report results of ESTAR and AESTAR model for these countries in the Table 3 in parentheses since according to the test, they are not necessary. If we now allow for the possibility of a non-linear model, there is some evidence against the null for one currency pair (Polish). The fi gure is therefore slightly different compared to previous results based on conventional URTs. It gives much more support to PPP and it is similar to fi ndings of other studies, e.g. Telatar and Hasanov (2009) . It also implies that barriers to adjustment processes exist. For example, transaction costs change the speed of mean reversion (larger deviations will be followed by faster gap narrowing).
If exchange rates are found to be stationary, it is possible to test whether adjustments are symmetrical or asymmetrical. As we reject the null of nonlinearity for Bulgarian and Macedonian currency using the AESTAR test, it is possible to test the existence of asymmetrical adjustments. This can be done by testing 02 := 0 H  in the model (11) or (12). The null hypothesis of a symmetric ESTAR for both countries can be rejected (at 5% level). This means that a shock of the same magnitude affecting this exchange rate leads to different adjustments speeds towards equilibrium for an appreciation and for a depreciation.
PRAGUE ECONOMIC PAPERS, 3, 2012  269 Finally, we allow for the possibility of structural breaks in currency pairs; one and two both in the mean and in the trend. Results of Lee and Strazicich (2003, 2004) are in the However, allowing for the possibility of two structural breaks (the right side of the table -its columns 4-6), the null of non-stationarity is rejected in eleven out of fi fteen cases. The results of the last non-linear URTs, the Bierens (1997) test, are shown in the The fi rst group includes problems and issues related to available data. Some of them can be labelled as problems of transition countries. Since our time span starts in the mid 1990s, it gives us enough observations in the time dimension, but may also be the reason why results are rather mixed (e.g. due to the changes in exchange rate arrangements). In a similar vein, the measures of infl ation may have been exposed to similar kind of shocks. Therefore, the problem may be due to the utilised price indices and not due to the exchange rates. However, there may be large discrepancies between offi cial exchange rates and cross exchange rates calculated under the assumption of perfect triangular arbitrage. If the former is less volatile, it means possible central banks' interventions in the foreign exchange markets.
The second group encompasses various measures applied in an economy. One of them can be in the form of exchange rate arrangements, such as the ERM II. This may have restricted the exchange rates of CEE countries and therefore, the results of URTs. The euro as a benchmark for our analysis may also infl uence our results, as it was an artifi cial currency in the 1990s. However, this choice seems to be rational, since the US dollar seems to have lost much of its importance in the CEE countries and the euro/ ECU has gained signifi cance due to European integration process. In addition, some authors argue that the RER are not I(1) but rather I(0) process that has a non-linear trend or with structural breaks. This may give support to the notion of a 'quasi-PPP' or 'a relaxed version of PPP' (see e.g. Cuestas and Regis, 2008) .
Finally, the last group incorporates empirical problems and problems of econometric methods that can be utilised. One of them may be a group of issues related to the problem called fractional integration of time series.
Even though it is not possible to list and discuss all possible problems and issues related to the tests of the PPP hypothesis, given the space limitations of this paper, the aforementioned ones can help us to answer the question stated in the title of this subsection. The 'PPP puzzle' is still alive at least in the transition (and developing) countries and it is not obvious when we will have such (empirical) tools that will give us a clear answer.
Conclusions
This paper focused on testing the relative version of the PPP in the European transition countries over the time span of 16 years. It tried to shed some light on the 'old PPP puzzle' for a group of countries that do not use the euro. It was argued that the PPP concept plays a very important role in various fi elds -both theoretical concepts (exchange rate modelling) and policy-making including impacts of various actions and measures.
Firstly, the results for conventional (linear) URTs provide mild evidence in favour of the PPP hypothesis. Secondly, for countries where cannot be decided using linear tests, more robust versions of URTs and non-linear URTs (ESTAR and AESTAR models or the Bierens test) are applied, show mixed results and are in line with the literature. Finally, our results for non-linear test allowing for structural breaks (Lee and Strazicich, 2003, 2004) tend to provide evidence for the existence of PPP. Interestingly, dates of individual structural breaks are not necessarily linked to the outbreak of the on-going fi nancial crisis, but they seem to refl ect changes in the global economy or some important events (e.g. phases of the EU integration process).
Apart from many `technical reasons' (econometric techniques and methodologies), one of the key explanations for our ambiguous results can be the length of time period used in this study. While exchange rates data are mostly available, problems arise with economic variables for testing the PPP hypothesis. Likewise, the quality of the data from the early 1990s seems to be rather questionable. In addition, most of the European transition countries used in this study were subject to non-economic infl uences (interventions), which may invalidate any economic approach trying to capture underlying economic determinants and processes. Nevertheless, the fi ndings can be used as a piece of information when working with exchange rates models and policy-makers when making decisions based on the results of models assuming PPP holds.
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